for Quantity ∈ {QoI, Obs}, resulting in
198 2. projecting Q onto V, and 199 3. taking the square of this projection.
200
These three steps result in the dynamical proxy potential of the observed quantity for 201 the QoI:
tity ( vation were to be added without noise to the state estimation framework in Fig. 1(c) .
222
The flow of information and uncertainty reduction within the state estimation frame-223 work -from the observation via the controls to the QoI -is delineated by the black 224 arrows in Fig. 1 The QoI in our case study is heat transport across the Iceland-Scotland ridge, de-256 noted by HT ISR . We investigate three different temperature observations in the North 257 Atlantic, located inside the green dots in Fig 
262
We quantify the dynamical proxy potential of the five-year mean of the observa-263 tions for the five-year mean of our QoI, for zero lag. Sensitivity matrices of the QoI (eq. (1)) 264 and observations (eq. (2)) are computed from the final five years (2007) (2008) (2009) (2010) (2011) of the EC-265 COv4r2 state estimate. Dependence of the specific evaluation period is weak, given that 266 HT ISR , θ A , θ B , and θ C depend approximately linear on the forcing variables in Table 1 267 (Appendix A).
268
The QoI, as simulated by the model, is diagnosed as follows: Pillar et al., 2018) . The choice of uniform weights adds therefore clarity to the presen-304 tation in this paper, whose primary goal is to exemplify the new concept of dynamical 305 proxy potential. The concept of dynamical proxy potential permits straightforward gen-306 eralization to spatially (and even temporally) varying weights as per eq. (5). 
310
equal to the information required to recover HT ISR (cf. eqs. (1), (4)). Here,t indicates 311 that we consider five-year mean sensitivities, and ∆F m are the uniform forcing weights 312 from Table 1 . The normalization factor, σ HT = 11 TW, is computed according to eq. (3).
313
The bar chart in Fig. 3(e) shows the relative importance of the four forcings F m for im-314 pacting HT ISR . Relative importance is measured by the ratios
316 equivalent to integrating the sensitivities in Fig. 3 (a)-(d) around the globe (in the l 2 -norm). The positive sensitivity of HT ISR to τ y along the western African and European 320 coast ( Fig. 3(d) ) is consistent with the following dynamical mechanism. An increase in (Fig. 3(c) ) is due to the same mechanism. Here, the sensitivity sign alternates 328 because it is determined by the orientation of the coastline. (Fig. 3(c) ) and increased southward wind stress along the -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
Information required to recover HT ISR negative pressure anomaly at the Icelandic coast and a subsequent increase in HT ISR .
339
The wind stress sensitivity dipole along the coastline of the United Kingdom (UK) seen Figs. 3(a),(b) ). This sensitivity dipole across the core of the NAC is consistent with a 346 strengthening of the cross-ridge geostrophic transport in response to a negative pertur-347 bation of the density gradient along the section. The sensitivity of HT ISR to Q net,↑ , rel-348 ative to the remaining forcing fields, is surprisingly small: only 3% (Fig. 3(e) ). We note 349 that even if we tripled ∆Q net in Table 1 , while keeping the weights for the remaining forc-350 ings unchanged, HT ISR would still be less sensitive to Q net,↑ than to any of the remain-351 ing three forcing fields in Fig. 3(e) . This is consistent with previous observation-and model-
352
based studies, which found that on seasonal to multiannual time scales ISR heat trans-353 port variability is dominantly driven by velocity fluctuations, rather than temperature 354 fluctuations (Årthun & Eldevik, 2016; Asbjørnsen et al., 2019; Orvik & Skagseth, 2005) . 
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Information captured by observation The large-scale wind stress sensitivity patterns of θ C (Fig. 4(f) ) are very similar 388 to the ones of θ A (Fig. 4(d) ), except that they are of much weaker amplitude. The sim-389 ilarity of the patterns suggests that the surface observation θ C is sensitive to similar re- was seen for HT ISR in section 3.2. To explain the underlying mechanism, we perform a 396 perturbation experiment, in which the final five years of the ECCOv4r2 serve as our con-397 trol simulation. We increase northward wind stress in the region highlighted in Fig. 5(a) , Information required to recover the QoI, cross-ridge heat transport HT ISR Information captured by the observation, subsurface temperature θ A Fig. 3(a 
HT ∂(HTISR) ∂τy ∆τ y Fig. 4(d 
Dynamical proxy potential for HT ISR Figure 7 . 
